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BLOOD GAS CALIBRATION AND CONTROL
FLUID UTILIZING STROMA-FREE
| HEMOGLOBIN

CROSS REFERENCE TO RELATED
APPLICATIONS

2

assayed constituents. Such exchanges result in inaccu-
rate recovery of the assayed parameters. .
In addition, a small amount of liquid which has been
exposed to, and therefore, equilibrated with the atmo-
sphere, or other gas is present in the instrument sample
chamber. The gas permeable membranes separating the

- electrode from the chamber also may contain trapped

This application is a continuation-in-part of U.S. ap- '

plication Ser. No. 221,640 and U.S. application Ser. No.
221,639, both filed Dec. 31, 1980, both now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This 1invention relates to blood gas calibration and
control fluids and, more particularly, fluids containing
hemoglobin.

2. Description of the Prior Art

Blood gas tests are frequently used in health care
facilities to determine abnormalities in pulmonary func-
tion. These parameters commonly used in determining
pulmonary abnormalities are blood pH, Pco; and Pos.
The tests are performed by drawing blood from the
patient and introducing this blood into specialized
equipment which determines the various parameters to
be measured. The specialized equipment must be cali-
brated frequently to determine if the readouts on values
for patient blood are accurate. This calibration involves
introducing various solutions or gases having predeter-
mined amounts of constituents which are present in in
vivo blood. | o o

After the testing equipment has been calibrated it is

necessary to assure maintenance of the calibration rou-
tine. For this reason the instrument is frequently tested
with blood gas controls which quickly and readily de-
termine any unexpected analytical deviations. The
blood gas controls do not have absolute values for pH,
Pco; and Po,. Instead ranges are provided; if the instru-
ment responds within the specified range, the accuracy
of the calibration is assured.
- Typical blood gas control techniques and solutions
are taught in U.S. Pat. No. 3,859,049; Clin. Chem. 24, p.
793-793, 1978 by Steiner et al.; U.S. Pat. No. 3,973,913;
and U.S. Pat. No. 4,001,142, |

In calibrating or controlling of the instrumentation
for blood gas analysis, it is desirable to use a material
containing the predetermined amount of blood constitu-
ents which most approximates the function of blood to
obtain accurate readings. Thus, the ideal solution would
be blood having predetermined amounts of constituents
to calibrate the instrumentation. However, use of blood
as a calibration or control fluid is impractical because of
instability and degradation problems upon aging, and
the generation of methemoglobin on aging which de-
stroys the oxygen carrying function of the hemoglobin
constituents. Furthermore, with whole blood it is diffi-
cult if not impossible to adjust the pH accurately and
reproducibly. .

Thus, several other types of solutions have been pro-
posed and used as blood gas calibration standards or
controls. The most widely used are aqueous solutions
such as taught in U.S. Pat. No. 4,001,142. These solu-
tions have several problems associated with their use.
Aqueous controls have excellent shelf life. However,
once the seal is broken the aqueous control must be used
immediately since when the aqueous control solution is
open to the environment, there is rapid exchange of the
dissolved gases and the control fluid with the external
environment thereby changing the concentration of the
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gas. This residue can mix with the sample and cause
changes in the gaseous constituents, especially oxygen.
With whole blood these changes are effectively ne-
gated, due to the reversible interaction of hemoglobin
and oxygen which provides a high “oxygen buffer ca-
pacity”. Typical aqueous blood gas controls contain no
such “oxygen buffer capacity” and are, therefore, easily
contaminated during sample handling and within the
sample chamber. |

The values obtained for the assayed constituents in
whole blood (pH, Pco; and Po;) are dramatically af-
fected by the temperature of the sample chamber in
which the sample is being analyzed. The control mate-
rial must, therefore, respond to temperature changes in
the instrument similar to whole blood. No typical aque-
ous blood gas control responds appropriately to temper-
ature induced value changes in all measured parameters.
The control material of the present invention containing
stroma-free hemoglobin closely simulates the response
of whole blood with respect to all measured parameters.

To avoid some of these problems treated red cells in
a buffer have been used as a blood gas control. Louder-
back U.S. Pat. No. 3,973,913 teaches such a blood con-
trol standard in which the cells are treated with alde-
hyde to render the cell membrane less sensitive to lysing
and 1nhibit the metabolism of the cell. The stability of
the control when opened is improved but the shelf life
is significantly decreased. However, the treatment ef-
fects the hemoglobin so that it is apparently no longer
physiological. In order to provide an effective oxygen
buffer system, the hemoglobin contained in the control
must be in such a form that its oxygen affinity is similar
to that of whole blood. The controls containing treated
erythrocytes contain hemoglobin that has an enhanced
oxygen affinity and, therefore, suffer from a reduced
oxygen buffer capacity.

A quality control material for blood gas analysis must
also be convenient to use and thus minimize pre-analyti-
cal variables. If it is extremely difficult to prepare the
ampulized sample for analysis, then the potential for
error increases. Controls containing treated red cells
must be carefully re-equilibrated at 37° C. In addition,
the treated red cell controls may only be kept re-equili-
brated for 30 minutes before discarding.

Thus, it is desirable to use a calibration solution
which functions as nearly as possible to blood while
eliminating the problems associated with the use of
blood as a blood gas control or calibration fluid. In

~accordance with the present invention, a blood gas
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control fluid is provided which approximates the func-
tion and the gas carrying ability of human blood with-
out the stability problems associated with blood. Like
whole blood, the blood gas reference fluid of the pres-
ent invention incorporates hemoglobin as a reversible
oxygen buffer system thus minimizing any errors due to
contamination during handling and analysis. The stro-
ma-free hemoglobin has near normal oxygen affinity.
The control {luid re-equilibrates at normal room tem-
perature and may be re-equilibrated for up to 48 hours
before assay without deleterious effects.
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A further advantage of the present invention 1s the
- filtered.

deep red color of the hemoglobin which allows easy
visualization within the sample chamber of the analy-
zer. Like whole blood, this property readily shows the.
presence of any trapped air bubbles accidently intro-
duced into the 'measuring- chamber.

RN fstroma-free hemeglebtn snlutmn, a source of blearbon-

'exygen buffer system Its oxygen afﬁntty is nearly the

ate ton, a buffering agent and predetermlned amounts of

gases present in in vivo blood and Spe01ﬁcally oxygen.
| and carbon dioxide. | -

_the_ pH ef the referenee ﬂuld Sodlum carbenate is an
| exeellent souree ef blcarbenate ion and may 'be present |

- penicillin may also be added to assist in processing by
e cnntrelllng unwanted microbial growth durlng the pro-

cessmg

function. The POZ w111 range frem 10 to 500 mm. Hg at :

37° C. The Pco; will range from 5 to 100 mm. Hg at 37°
C. The pH will range from 6.8 to 8.0 at 37" C.

DETAILED DESCRIPTION OF THE
INVENTION

‘The fluid utilized in the blood gas control is an aque-
ous solution of substantially pure stroma-free hemoglo-
bin. “Substantially pure” as used herein means and re-
fers to the hemoglobin being free of proteins, lipopro-

‘teins, enzymes and other blood constituents which tend

to degrade the hemoglobin.

The preparation of stroma-free hemoglobin is known
in the art. For example, suitable stroma-free hemoglobin
may be prepared by the process disclosed in “An Im-
proved Stroma-Free Hemoglobin Solution” by Green-

berg et al.; Surgical Forum V. 26, pp. 53-35 (1975);

“Further Studles with Stroma-Free Hemoglobin Solu-
tion” by Rabiner et al.; Annals of Surgery, pp. 615-622
(April 1970); “Accute Oxygen Supply by Infusion of

'Hemoglobin Solutions” by Bonhard; Federation Pro-

ceedings V. 34, No. 6, pp. 1466-1467 (May 1975);
“Blood Substitute and Blood Plasma Expander Com-
prising Polyhemoglobin” by Bonsen et al., U.S. Pat. No.
4,001,401; and ‘“Characteristics of Stroma-Free Hemo-
globin Prepared by Crystallization” by DeVenuto et al.;
J. Lab. Clin. Med., pp. 509-516 (March 1977). Broadly
speaking, washed red cells are lysed, the stroma precipi-
tated and the supernatant containing the stroma-free
hemoglobin separated from the precipitate by centrifu-
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~gation. The stroma-free. hemeglobln should be sterile

A partlcularly useful method of preparrng stroma-:
; ;free hemeglobln 1s taught in U S patent appheatton Ser

made a part hereof

| _Stroma-Free Hemoglebm Soluttons” of Slmmonds et . ; - ; ) : -
- 'al- -ﬁled the same day as t hlS apphcatton Sald patent .

The substantlally pure strema-free hemeglebm selu-- | -

- tion of 1 to 30 percent hemeglnbln and preferably about |

. 6to 18 percent hemoglobin. During the adjustment itis -

- The stroma-free hemoglobln provrdes an effectwe; 15

desirable to add nongaseous constituents of the blood . f
gas control. This may be accomplished by direct addi-

- tion of solid materials; as concentrates or in a diluent .
- solution.

20 of such dlluent ((hemoglobln eeneentratlon) (vol.ume' -

- of hemoglobin solution))/desired percentage of hemo- -
- globin solution =final volume of hemoglobin solution at:
 the desired percentage; and (volume at desired percen-
_ tage)—(present volume)=quantity of diluent. requlred o
- Diluents can be prepared which include various con- -
0 5centrat10ns of the desued censtltuents For example,
- be noted that all the addltlons are physmloglcal they o
. are present in normal blood. . | |
A broad spectrum anttblottc such as gentamlcm or

10 the llke are used the determination of additien can be

~ micin sulfate the ealculatlon would be (nnlhgrams an- .
- tibtotic/liter). (ﬁnal velume) (1/0 6) grams of antibi-

- ofic requtred
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In preparing the dlluent the requlred 1ngred1ents are
added to the appropriate quantity of sterile deionized
water,

Na;COj is then added as a buffer for pH control to
the blood gas calibration solution. The experimental
determination of the appropriate quantity of Na>CO3 1s
done by obtaining small aliquots of the diluted hemo-
globin solution to which varying amounts of sodium
carbonate are added. The aliquots are then tonometered
at 25° C. with the appropriate gas mixture (preferably
O, and CO3). The pH of the tonometered solutions are
determined by analysis on a blood gas analyzer and
additional aliquots are prepared to achieve the desired
pH. Preferably the gas mixtures range from up to 50%
O, and up to 20% CQOa». After the pH is tested and it is
outside the desired range of pH (the preferable pH is 7.1
to 7.6), additional NayCOj3 or additional hemoglobin
solution may be added to obtain the correct pH. Once
the correct amount of NayCQj3 to be added to the dilu-
ent is determined, Na;CQ3 in the proper amount is
added with mixing.

After the bulk diluent has been prepared, it is added
to the hemoglobin slowly with constant stirring. The
hemoglobin solution diluted to the desired level of in
vivo blood gas constituents is then sterile filtered and
stored between 2° and 8° C. The filtered hemoglobin
solution is tested to assure absence of microorganisms.
If growth is observed, the hemoglobin solution should
be refiltered.

. In one methed of calculatlon of dtluent requn'ed the .

| sodlum chlorrde, and an anttbtetl_c such as gentamlcln o;r- o

;..(final volume) (358 1 g/M) grams NagHPO.4 12H20 to
~be added.
- In the case of sedlum chlerlde the calculatmn would - -

;35 be: (desnred cencentratwn of NaCI) (dtluent velume)




4,469,792

S

After the sterile hemoglobin solution has been ob-
tained, it is warmed to 10° to 40° C. and equilibrated by
use of a gas permeable membrane. A countercurrent of
gas which has been warmed to the solution temperature
and humidified to saturation is fed into the vessel to 5
maintain an atmosphere over the solution of the same
gas with which the solution is equilibrated. Samples are
removed from the solution during equilibration and
tested on a blood gas analyzer. Sodium carbonate solu-
tion may be introduced through a sterilizing filter dur- 10
ing the equilibration the achieve the desired pH if neces-
sary. The equilibration solutions will show stable values
for pH, Po1 and Pco;. The bulk container for the blood
gas reference fluid is purged with the gas used for equi-
libration. The equilibrated hemoglobin solution is then 15
pumped through a sterile filter apparatus and filled into
sterile, gas impermeable ampules or other suitable con-
tainers which have been preflushed with the equili-
brated gas solution. The container is sealed under an
atmosphere of the same gas. The invention will be more 20
fully illustrated by reference to the following examples.

'EXAMPLE 1

Outdated human blood cells were charged to a 1 liter
centrifuge bottle with an air space allowed thereover. 25
Sterile wash solution consisting of 0.05 moles/liter of
Na;HPO4 and 0.22 moles/liter NaCl is charged at a
temperature of 2° to 8° C. to the centrifuge bottles until
full. The ratio of wash solution to cells was approxi-
mately 1:1. Several such bottles were prepared. The 30
bottles were capped and the wash solution mixed with
the blood by inversion.. The bottles were placed in a
centrifuge and centrifuged at 4,200 rpm (4,700 X g) for
10 minutes. The centrifuge and rotor along with the
centrifuge bottles were precooled to 5° C. to prevent 35
methemoglobin formation. |

After centrifugation, the supernatant wash solution
was aspirated from the bottles. The bottles with the
packed cells therein were filled with the same wash
solution as above described and mixed by shaking and 40
inversion. Centrifugation and aspiration of supernatant
was repeated. The bottles with packed cells therein
were filled with cold (2° to 8° C.) sterile 0.85 percent
Na(Cl solution, mixed by inversion, centrifuged and
aspirated as previously described. The ratio of sodium 45
chloride solution to cells was 350 ml./unit of cells. The
washed cells were poured into a funnel covered with
layers of coarse and fine nylon mesh, the coarse nylon
mesh having a mesh size of 120 microns and the fine
nylon mesh having a mesh size of 40 microns. The nylon. 50
mesh retained the clumped white cells and other foreign
matter which was present. The red cells were collected
in a graduated cylinder in order to measure the amount
of reagent required for stroma precipitation.

The pooled cells were disrupted by sonication using 55
an ultrasonic probe equipped with a continuous flow
cell. Cold water was passed through the jacket of the
cell to avoid excess heating causing the formation of
methemoglobin. The cells were pumped through the

disruption cell at a speed of 300-350 ml./minute for a 60

total of 5 passes. At the end of the § passes the residual
cell count was less than or equal to 250,000/cu. mm.
The cell lysate, forming a mixture of stroma and cyto-
plasmic components including hemoglobin, was col-
lected and a 20% solution of calcium chloride was 65
added with agitation thereto. The ratio of calcium chlo-
ride solution to cells was 50 ml. calcium chloride/liter
of cells. After all of the calcium chloride had been

6

added, the hemoglobin-stroma-calcium chloride admix-
ture was mixed for 10 minutes. Five grams of dextran
sulfate/liter of cells was added as a powder to the above
admixture and mixed for 30 minutes. After 30 minutes,
no undissolved material remained. 0.1 moles. of Nas;H-
PO4(in the form of Na,HPO4.12H,O)/liter of cells was
added to the mixture and mixed for 30 minutes. Immedi-
ately after the addition of the NayHPOj4 the total admix-
ture was cooled to 2° to 8° C. and allowed to stand
overnight (16 hours). The admixture was centrifuged at
4,000 rpm (4,700 X g) for 90 minutes. Supernatant hemo-
globin solution was ¢ollected and the complexed stroma
and other lipoprotein constituents remained as the pre-
c1p1tant in the centrifuge bottles.

0.1 mole/liter of solid NaCl was added to the super-

natant ‘hemoglobin solution. The solution was passed

through a Cuno CPX 90S filter cartridge followed by a

Pall AR (0.2 micron). The filtrate was dialyzed by pass-

ing it through a series of C-DAK-2.5D artificial kidneys
using a countercurrent flow of cold 0.1 molar NaCl
solution, Subsequent to dialysis the solution was freed
of microbial contamination by passage through a 0.2
micron filter and collected in a sterile bottle. The hemo-
globin solution prepared had the following characteris-
tics: 27 percent hemoglobin, 2 percent methemoglobin,
and free of microorganisms. =
The stroma-free hemoglobin solution having a con-

centration of 27 percent required 55.6 milliliters of he-
moglobin solution to 44.4 milliliters of diluent to pro-

vide 100 milliliters as a 15 percent solution of substan-
tially pure stroma-free hemoglobin according to the
equations previously set forth. The final blood gas con-
trol was to have a pH of 7.4, Pg, of 105 mm. Hg. and

Pcoy of 40 mm. Hg. at 37° C. Three aliquots of 44 milli-

liters each were prepared in accordance with the calcu-

lations previously set forth to obtain solutions of 0.05
‘molar NaHPO4, 0.1 M/L NaCl and 2 mg./1 of gentami-

cin sulfate. 212 milligrams, 265 milligrams and 318 milli-

grams of NayCO3 was added to each aliquot, respec-

tively, thus providing three aliquots with NaxCOj3 levels
of 20 millimole/liter, 25 millimole/liter and 30 mil-
limole/liter, respectively. When all the NayCOj3 is dis-

‘solved, each diluent aliquot was added to a respective

hemoglobin aliquot of 55.6 milliliters with stirring. Ten
milliliters of the diluted hemoglobin solution from each
aliquot was tonometered at 25° C. with 7.5 percent O3
and-3.5 percent CO3 for 20 minutes. The tonometered
solutions were tested on a blood gas analyzer. The pH
of each solution was tested. The pH of one of the solu-
tions was above the desired pH (which, in this case, is
7.400) and another was below that value. A linear rela-
tionship between pH and millimolarity of the NaCO3
was assumed and an aliquot was prepared based on that

“assumption. The new aliquot was tonometered and

analyzed. This procedure was repeated until the aliquot

had the desired pH (in this case, 7.400:£0.010). The
amount of NaxCQOj as determined above was added to

the bulk diluent. In this example the pH of the final

‘adjusted aliquot was 7.402 when 27 millimoles of Naj.
COj3 was added to an aliquot of the hemoglobin. The
volume of the hemoglobin to be diluted was 30 liters
and, therefore, 24 liters of the diluent containing 27
‘millimoles/liter of NaxCOs3 was added for a final vol-

ume of 54 liters. Thus, 154.5 grams of NayCQOj3 was
added to the diluent prior to the addition of the stroma-
free hemoglobin solution. The diluent as prepared
above was added slowly to the hemoglobin solution
with stirring. The diluted hemoglobin solution was
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~ transferred to a suitable sterile container through a Pall
NR filter. A small sample was removed from the bulk
hemoglobin solution and tested to determine that no

bacterial growth occurred. The sterile, diluted hemo-
globin solution was equilibrated with the desired
- amount of gas in order to obtain the desired level of pH,
Po; and Pco,. This equilibration was achieved in this
specific example by prewarming the hemeglobln solu-
tion by passing it through a stainless steel coil in a 25°
C.10.2° C. water bath. The solution was passed
through a series of C-DAK-2.5D artificial kidneys and
into a sterile bottle containing a coil connected to a
circulator bath to maintain it at 25° C.£0.2° C. A coun-
tercurrent of gas which had been prewarmed to 25°
C.%0.2° C. by passage through a coil and humidified to
saturation by bubbling through water at 25° C. was
passed through the outside of the kidneys. The gas was
then fed into the equilibration bottle to maintain an
atmosphere over the solution of the same gas. with
which the solution was equilibrated. After all the hemo-
globin solution was removed from its original container,
 connections were made to provide for recycling of the
solution through the 25° C. coil and kidneys with return
to the equilibrium container. Samples were removed
from the solution during equilibration ‘and tested on
blood gas analyzers.

The equilibrated solution showed stable values for
pH, Po; and Pco; at the target level for one hour prior
to final sterile filtration.

The final bulk container, connected to the filter appa-
- ratus, was purged well with the gas having 7.5 percent
O3 and 3.5 percent CO3. A coil inside the container was

connected to a circulator to maintain the temperature of

the filtered bulk at 25° C.=-0.2° C. The equilibrated bulk
was pumped through the sterile filter apparatus. A
slight positive gas pressure was maintained on the bulk
container during transport to the filling area.

The equilibrated hemoglobin solution was filled into
two ml. ampules using a fill dose of 1.5 milliliters. The

ampules were preflushed with the gas mixture used for

equilibration and overfilled with the same gas after
filling. Discontinuous flushing using a flow of 50 cubic
- feet per hour was used. Bulk temperature was main-
tained at 25° C. by means of a coil connected to a water
circulator. A slight positive pressure of the humidified
gas, used for equilibration, was maintained over the
- bulk container. |

The ampules were sealed and ready to be opened
when used as a blood gas reference fluid.

EXAMPLE 2

Example 1 was repeated except that the target pH
- was 7.10%=0.010 with Pg; levels and Pco; levels of 155
mm. Hg and 20 mm. Hg, respectively. In order to obtain
the proper pH, aliquots containing Na;COj3 levels of 5
millimoles/liter, 7.5 millimoles/liter and 10 millimoles/-
liter were prepared and added to the aliquots of the
hemoglobin solution. The tonometry results showed
that 7.5 millimoles gave the desired pH. The procedure
of Example 1 was followed. The final blood gas control
fluid had O; and CO3 levels of 154 mm. Hg and 19 mm.

Hg, respectwely, and a pH of 7.10.
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EXAMPLE 3

Example 1 was repeated except that the target pH
was 7.60x0.01 with the desired Oz and COzlevels being
55 mm. Hg and 70 mm. Hg, respectively. The level of
NayCQO3 in the three aliquots were 40 millimoles/liter,
50 millimoles/liter and 60 millimoles/liter. Following
the procedure of Example 1, 47 millimoles were deter-
mined to give the desired pH. The process was com-
pleted as in Example 1. The final pH of the blood gas
control fluid was 7.60 and had an O3 level and a CO;
level of 54 mm. Hg and 69 mm. Hg, respectively.

Thus, in accordance with the present invention, a
blood gas reference fluid is provided which is relatively
stable and accurately reflects levels of blood gas constit-
uents and pH comparable to blood samples to be ana-
lyzed. Further, in accordance with the present inven-
tion, a blood gas control fluid is provided which can be
prepared at various levels of pH, Po; and Pco; for stan-
dardization of blood gas instrumentation.

Although the invention has been described with ref-
erence to specific materials and specific methods, the
invention is only to be limited so far as set forth in the
accompanying clalms

We claim: -

1. A stable reference fluid comprising substantlally
pure stroma-free hemoglobin solution, a source of bicar-
bonate ion, a buffer and predetermlned amounts of gases
present in in vivo blood. |

2. The reference fluid of claim 1 1n whlch the source
of bicarbonate ion is sodium carbonate.

3. The reference fluid of claim 2 wherein said sodium
carbonate is present at a level of up to 75 millimoles/-
liter of solution.

4. The reference fluid of claim 1 contalmng oxygen.

5. The reference fluid of claim 4 wherein the partial
pressure of oxygen (Pg,) is between 10 and 500 mm. Hg
at 37° C.

6. The reference fluid of claim 1 containing CO;.

7. The reference fluid of claim 6 wherein the partial
pressure of carbon dioxide (Pco) 1s between 5 and 100
mm. Hg at 37° C. -

— 8. The reference fluid of clalm 1 containing an elec-
trolyte.

9. The reference fluid of claim 1 having a pH of 6.8 to

8.0.

10. The reference fluid of claim 1 packaged in a sealed
ampule impermeable to air. |

11. A stable reference fluid for use in calibration and
control of blood gas instruments which comprises sub-
stantially pure stroma-free hemoglobin, a source of
bicarbonate ion, a buffer, and electrolyte, and predeter-
mined amounts of oxygen and carbon dioxide.

12. A stable reference fluid for use in calibration and

control -of blood gas instruments which comprises a

substantially pure stroma-free hemoglobin solution con-
taining 6 to 18 percent hemoglobin, up to 75 mil-
limoles/liter of solution of sodium carbonate, a buffer,
an electrolyte, oxygen in an amount sufficient to pro-
vide a partial pressure of 10 to 500 mm. Hg at 37° C,,
and carbon dioxide in an amount sufficient to provide a
partial pressure of 5 to 100 mm. Hg at 37° C., the pH of
the fluid being between 6.8 and 8.0.

. *

* *x % %
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